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Overview

� Develop Cooling Tube Termination to Sector
� iterated about designs with aim to reduce pressure drops in

sector U-tube

� Reserve Space for Connection of Electrical Services
to Sector

� Pigtail design delayed in preference to getting full
Evaporative and Monophase layouts

� Reverse First Disk
� Chose Terminations which allowed first disk to reverse

relatively painlessly

� Route Disk Services and Barrel Services to end of
Frame

� Propose, and tried to impose rules on routing

� Mini- and Full Model of Frame Penetration
� Used to verify packing factor, bend Radii, and estimate

forces

� Cable Update
� Some prototypes available
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Service  Termination

� Minimize Pressure Drop
� Investigated several options--final choice fit best in layout

� Sectors will be tested with Monophase system for thermal Coupling
� Needs to be compatible with both until Sector is installed

� Tubing will be Glued to Sector
� Minimize number of joints

� Make long enough to service/repair

Maintains cross-section
without Miter Bend

O.D. Can be used
in test fitting 
for monophase
testing

Bonded in at
Disk Assembly
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Cable Termination

Simple block reserved
at top of every sector
equal to sum of widths
and heights of cables

Note:
This is disk #5
Services must exit here
radially as opposed to all
other sectors

Routing to pass by
mounting ear of end
plate Stiffener This is type of 

problem to be 
resolved



January 2000
Mechanics

E. Anderssen LBNL

ATLASATLASATLASATLAS Pixel DetectorPixel DetectorPixel DetectorPixel Detector
Reverse Disk 1

� Disk 1 has been reversed (support ring on other side)

� Gives more room for Barrel Service Exit and Termination

� Uses common sector design

� Some problems
� Cable Termination on First disk

� Slight asymmetry to mounting (accurate face of sector)
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Tube Design Philosophy

� Look to make all tubes 2D bent shapes

� Build sufficient complexity into models from start to allow adjustment
� Each Tube is dog-legged and has adjustment in all degrees of Freedom

� Started with tubing sets--ended with custom tubes for each circuit

� Most cables are still the same--disk 5 excepted

� Monophase and Evaporative have diverging routing philosophies
� Evaporative wants to group supply and return together for a given circuit

� Monophase wants supplies and returns grouped in bundles (opposite)

� Common rules I�ve imposed to ease integration and installation
� No penetration  or trapping of support elements is allowed

� Specified Min Bend radii for tubes and cables

� Cooling circuits enter and leave the same frame octant

� Equal number of Circuits per Octant
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Monophase v.s. Evaporative Initial Comment

� Evaporative Layout is very clean
� Capillaries allow for easy routing

� Overall Tube length is shorter due to easier routing of Exhaust

� Haven�t put cables into evaporative model yet

� Monophase is Crowded, but feasible
� Same Octant rule contributes to longer tube lengths

� Tubing is harder to route out

� Many obvious interferences with cable volumes, but maybe same in evaporative

� Evaporative Cooling is Baseline Design
� Monophase Model stemmed from effort spent to develop routing for evaporative

cooling

� Optimization for both layouts still needs to be advanced significantly

� Cables need to be added to both models
� Cursory inspection indicates that neither solution makes it easy for the cables

currently

� Pigtail should be developed which balances well with tubing constraints

� Will develop tubing further prior to pigtail design
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Tube route Baselines

Capillaries Trap frame

Tubes penetrate
frame
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Cables Added
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Tube Route Optimization

Beginning to Harmonize tubes from
Disk to Disk

Cables Almost clear from
under Tubes
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End of Frame routing

� Need to have all services routed
to end of frame to integrate with
End-Plate Stiffener

� Tubes will need fittings for
installation purposes

� All Services will be strain relieved
at this point by the End-Plate

� Room is extremely tight in this
area--envelopes established for
assembly reasons

� Services have 15mm to make bend at
end of frame (Z-envelope 798 (-3))

� R-Envelope is 254mm

� Need to finish layout pronto to
figure if envelopes are sufficient
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Barrel Services

Frame Panel Colors Correspond to
Octant numbering in Octant
Service Layout drawing

Service Bundles penetrate
frame and proceed to end
of frame

Bundles defined for 
both Evaporative and
Monophase
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Octant Layout



January 2000
Mechanics

E. Anderssen LBNL

ATLASATLASATLASATLAS Pixel DetectorPixel DetectorPixel DetectorPixel Detector
Bundles

Bundle End View
Monophase

Bundles and routing primarily done to
determine magnitude of Frame penetration
Next steps are to match services from
barrel and make bend at end of frame
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Frame Penetration

Model of Service Bundle Cross
Section
--Verified Packing Factor and Bend Radii
  Approximately 20% safety margin
--Measured Force--nominally 600gramF
  per penetration
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End Frame Model

� Will Build 1/4 model in
time for April Meeting

� Hope to have 2 layout
iterations by then

� Parts for model are
made--need Assembly

� Model design allows
for easy replacement
of Cone

Will model one octant first leaving second
free to modify differently for next iteration
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Cable Prototypes

� Have had good success with fabrication of prototype
cables

� Currently Fabricating Full length Cu-Kapton flex
cable prototypes

� Selection of Material and process to alleviate labor
and cost

� Photo-imageable, roll laminated coverlay available and
seems to work well, need to test irradiate

� Good exposure uniformity yields smaller need for
inspection/touchup

� Presently documenting process and labor to assess
cost better

� Electrical prototypes could be available by end of
march (types 1 and 2)

� Need to understand test needs to better gauge schedule
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Cable Process

Handling equipment is simple, but effective

Roll Lamination process is used to apply
photo-resist and photo-imageable coverlay
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Expose and Develop

UV exposure lamp on trolley exposes
full length of artwork.  Laminated
Cu-Kapton is held between art layers
under vacuum

Continuous Feed Developer removes photo-
resist that is not exposed.  Etching bath is
in a similar machine.  Same rolls are used to
handle material at each step
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Touch-up

� Touch up is the most labor and
space intensive effort for flex

� Touch up of developed art is
necessary to improve yield

� Laminate/Expose/Develop
processes need to be tuned to
minimize touchup

� Touch up is potential black hole
for manpower
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Conclusion

� Service Layout proceeding full speed ahead

� Next step is to look at end of pixel frame

� Physical modeling of services coming along, so far
good correlation of CAD with Reality

� Eventually will have to drop one of the cooling
systems from the CAD modeling effort--this is doubling
the amount of work.

� Do not foresee mocking up both--will proceed with
Evaporative as baseline lacking decision otherwise

� Electrical prototypes presently de-prioritized to
mechanics effort--can change this, but need reason to


